Wood surface decoration and protection has become a topic of public concern. In this paper, a temperature-sensitive and reversible thermochromic waterborne wood coating was prepared by using Chinese fir board as the base material and a waterborne wood coating with the pigment slurry of thermochromic microcapsules as the paint base. The optical properties, mechanical properties and chemical resistance of the waterborne wood coating were tested, and its microstructure was analyzed. The results showed that when the concentration of thermochromic pigment slurry was 30.0%, the thermochromic property of the waterborne wood coating was best. The gloss of the waterborne wood coating with 15.0% pigment slurry of thermochromic microcapsules was high. The concentration of thermochromic pigment slurry had no effect on the adhesion, impact resistance, or chemical resistance of the waterborne wood coating. Based on the above results, the waterborne wood coating on Chinese fir had the best comprehensive performance when the concentration of thermochromic pigment slurry was 15.0%. This work will provide a technical reference for the industrialization of the thermochromic coating film on wood.
Introduction
A thermochromic system refers to a color change of printed patterns and text when the material is heated to a certain temperature [1] . When the temperature drops to the original temperature, the solution of thermochromic microcapsules returns to the original color [2] . Temperature-sensitive reversible systems of thermochromic microcapsules can be divided into organic reversible [3] , inorganic reversible, [4] and liquid crystal reversible categories [5] . Solvents in a thermochromic system determine the thermochromic temperature of temperature-sensitive materials [6, 7] . The thermosensitive discoloration temperature is generally changed by changing the solvent used [8] .
Vukoje et al. [9] studied the biodegradability of ultraviolet thermochromic ink on three different paper materials (synthetic, recovered, and bulk). The results showed that the thicker the ink binder layer on the surface of microcapsules, the slower the degradation rate of microcapsules. Kavcic et al. [10] applied different printing materials on the printed display and deposited thermochromic ink on the first and second layers. The effects of printing materials, the thickness of the thermochromic ink layer, varnish, temperature and light resistance on the operability of the display were studied. The results showed that the choice of printing materials played an important role in the operability of the display. Panak et al. [11] used digital cameras to record bulk systems, dry pigments, water and ink solvent formulations, and dry coatings on different paper substrates. The results showed that the dry layer of the water-based thermochromic ink coated on paper has a high value in the total length and contrast of the optical path. Kim et al. [12] studied thermochromic inkjet ink pens and applied them to plain paper and stored them for a month without distortion. Zhu et al. [13, 14] prepared microcapsules with good stability and a smaller particle size by using urea-formaldehyde as the shell material and a thermochromic compound as the core material. The effects of thermochromic compounds and impregnation conditions on the properties and thermal stability of thermochromic wood veneers were investigated. The results showed that the thermochromic wood veneers had the best performance when impregnated in a thermochromic compound suspension for 2 min at 65 • C. A common preparation of thermochromically-active material follows the general rule: leuco-dye (electron donor) + color developer (electron acceptor) + co-solvent are used to form a composite, which is the phase-changing material. With a change of temperature, the color change is changed by the electron movement between the electron donor and the electron acceptor. These chromotropic materials are mainly used in paper, wood and printing materials, and little work deals with the study of thermochromic materials used in waterborne wood coatings.
Adding thermochromic ink to waterborne wood coatings can change the color of waterborne coatings with the change of temperature, make the product display different colors with the change of season, and make the product more humanized and changeable. The waterborne wood coating is environmentally friendly because it does not increase VOC emissions [15, 16] , and it is superior to oil-based paint in environmental sustainability and performance stability [17, 18] . Microencapsulation is needed to keep the entire thermochromic system together and protect it from the surrounding environment. Bisphenol A as a color developer is one of the most widely used industrial compounds in the world. It has a low toxicity and is widely used in packaging of canned food and beverages, milk bottles, water bottles, and sealants for tooth fillings. Bisphenol A is considered to have some possible health effects and many products try to be bisphenol A free. Microencapsulation can reduce the toxic release and volatility of a discolored system, and improve the stability of a thermochromic system. Specifically, in this experiment, the release of bisphenol A was very little and encapsulated in microcapsules, which meets the requirements of environmental safety. In this paper, Chinese fir (Cunninghamia lanceolata), which is a widely used wooden material [19] , was used as the substrate to study the effects of a pigment slurry of thermochromic microcapsules on the color difference, gloss, mechanics, and chemical resistance of a waterborne coating in order to establish a foundation for the application of chromotropic coatings in wood products.
Experimental Materials and Methods

Experimental Materials
The main components of methyl red (as leuco agent, : 102-71-6) were supplied by Xilong Chemical Co., Ltd., Guangzhou, China. A waterborne wood coating was supplied by Yihua Lifestyle Technology Co., Ltd., Shantou, China. The waterborne wood coating consisted of a waterborne acrylic copolymer dispersion (concentration 90.0%), matting agent (concentration 2.0%), additives (concentration 2.0%) and water (concentration 6.0%). Chinese fir boards (100 mm × 100 mm × 12 mm, uniform material color, 300 pieces, after ordinary mechanical sanding) were supplied by Yihua Lifestyle Technology Co., Ltd., Shantou, China. The studied wood samples have a radial sawn wood texture. The 15.0% NaCl solution and 70.0% medical ethanol were supplied by Otopp Biotechnology Co., Ltd., Hangzhou, China. Detergent was supplied by Hutchison WhiteCat Co., Ltd., Shanghai, China. Red ink was supplied by Fine Stationery Co., Ltd., Shanghai, China.
Preparation of the Pigment Slurry
The thermochromic microcapsules were prepared by in situ polymerization. The 5.0 g melamine, 10 .0 g 37.0% formaldehyde solution and 10.0 mL deionized water were poured into a 250 mL beaker. The pH value was adjusted by triethanolamine to 8.5-9.0. Then the solution was kept in a constant temperature water bath at 70 • C with stirring at 700 rpm to obtain a transparent solution as the wall material solution. One gram of sodium dodecylbenzene sulfonate was dissolved completely in 99.00 g deionized water, and 1.0% sodium dodecylbenzene sulfonate aqueous solution was obtained. Then 1.0 g methyl red, 1.0 g bisphenol A and 10.0 g lauryl alcohol were added to the aqueous sodium dodecylbenzene sulfonate solution, and the beaker was placed in a 60 • C water bath and stirred for 30 min at 1200 rpm to obtain a stable core material emulsion. Then the wall material solution was added to the core material emulsion and stirred until evenly mixed. The citric acid monohydrate was added to adjust the solution pH to 4.0-5.0. The system was reacted at 60 • C for 3 h, then cooled down to room temperature. After several rinses with deionized water and absolute ethanol, the product was put into the oven and dried at 25 • C for 24 h, and 6.3 g of thermochromic microcapsules were obtained. The thermochromic microcapsules were added to 10.0 mL heterogeneous decanol, and they were mixed evenly to obtain the pigment slurry.
Preparation of Coatings
First, the Chinese fir boards were placed at room temperature and 50.0% ± 5.0% relative humidity for one week to achieve a balanced moisture concentration of the substrate. Then 5.0 g pigment slurry was added to 95.0 g waterborne wood coating, mixed evenly, and the waterborne thermochromic coating with the mass fraction of 5.0% pigment slurry was prepared. Other proportions are also produced according to this method. Then the pigment slurry of thermochromic microcapsules with the concentrations of 10.0%, 15.0%, 20.0%, 25.0%, and 30.0%, respectively, was added to the waterborne wood coatings and mixed evenly. The composition is shown in Table 1 . Then the Chinese fir boards were coated using an SZQ tetrahedral fabricator (Tianjin Jinghai Science and Technology Testing Machinery Factory, Tianjin, China). The coating was dried in air at room temperature for 30 min and then sanded using 800 grit sandpaper, and a dry cloth was used to wipe off the dust. Sandpaper with 800 grit has little effect on microcapsules. The above process was repeated three times. The sample was transferred to a 35 • C electric blast drying oven, heated until the mass no longer changed, and then naturally cooled to room temperature. The thickness of the dry waterborne wood coating was about 40 µm. 
Testing and Characterization
The microstructure of the waterborne wood coatings was analyzed using a Quanta 200 environment scanning electron microscope (SEM), FEI Company (Hillsboro, OR, USA). A HP-2136 colorimeter (Zhuhai Tianchuang Instrument Co., Ltd., Zhuhai, China) was used to directly measure the CIELAB coordinates (D65 and 10 • observer) values of the waterborne wood coatings. The waterborne wood coated with different concentrations of pigment slurry was heated on an HHP1 heating plate (Shanghai Hengyue Medical Devices Co., Ltd., Shanghai, China). While the coating was slowly heated, the surface temperature of the coating was measured by a temperature sensor, and at the same time the chromatic values of the coating were measured by a colorimeter to determine the temperature dependence of the results. The waterborne wood coating with different concentrations of pigment slurry of thermochromic microcapsules was heated from 18 to 40 • C, and the change in color was recorded. Where L* is the lightness, the larger value indicates that the surface of the object to be measured is light, and a smaller value indicates that the color of the object to be measured is dark. The a* indicates the change of color from red to green, the value is positive which means the color is red, and the negative value means green. The b* indicates the change of color from yellow to blue. A positive b* value indicates that the surface of the object to be measured is yellow, and the b* value is negative to indicate blue. The C* indicates color chroma, and h* indicates the hue. Then, the color difference was calculated by the following formula (1) [20] :
where: ∆L* (brightness difference) = L 1 *−L 2 *, ∆a* (red and green difference) = a 1 *−a 2 *, and ∆b* (yellow blue difference) = b 1 *−b 2 *. L 1 *, a 1 * and b 1 * are all initial values (18 • C), while L 2 *, a 2 *, and b 2 * are the values after the temperature change. An HG268 gloss meter, produced by 3NH Technology Co., Ltd., Shenzhen, China was used to measure the gloss of the waterborne wood coating. The incident angle of light used in this study was 60 • . The measurement site of the gloss values was parallel to the wood grain. According to the standard of GB/T1732-93 [21] , the impact strength (Tianjin Jingkelian Material Testing Machine Co., Ltd., Tianjin, China) was measured by a QCJ impactor. In the impact test, a 1.0 kg ball falls 50 cm onto the surface of the coating, and the deformation of the coating was observed. According to GB/T 1720-89 [22] , a QFZ-II coating adhesion tester (Tianjin JingKelian Material Testing Machine Co., Ltd.) was used to determine the adhesion of the coating. According to GB/T 1733-93 [23] , the chemical resistance of the coating was determined using 15.0% sodium chloride solution, 70.0% medical ethanol, detergent, and red ink. First, filter paper was immersed in the sodium chloride solution, medical ethanol, detergent, and red ink respectively, and then placed on the surface of the coating. The coating was covered with a glass cover and allowed to stand for 24 h. The ageing and stability test was measured in the ZN ultraviolet weather resistance tester (Nanjing Environmental Test Equipment Co., Ltd., Nanjing, China). A mixture of rosin and paraffin was coated on the side and the back of Chinese fir boards, leaving a 10.0 × 5.0 cm 2 waterborne wood coating, and the samples were put in the ZN ultraviolet weather resistance tester for 200 h. All experiments were repeated four times with an error of less than 5.0%.
Results and Discussion
Effect of Pigment Slurry Concentration of Thermochromic Microcapsules on Optical Properties
Effects of the pigment slurry concentration of microcapsules on color value from 18 to 40 • C of waterborne wood coating were tested. The variation trend of the color difference of waterborne wood coating is shown in Figure 1 . As can be seen from Figure 1 , the waterborne wood coating without the pigment slurry had a color difference from 18 to 40 • C of 0.7-1.0 and had no color change effect. The waterborne wood coating with the pigment slurry concentrations of 5.0%-30.0% at 18-28 • C had color differences of 0.7-6.8, and the color did not change significantly. When the waterborne wood coating with the pigment slurry concentration of 15.0% was heated to 30 • C, the color changed significantly, and the color difference value was 13.5, which is the maximum color difference. The color of the waterborne wood coating with the pigment slurry concentration of 15.0% changed from red to pale red color with the increase of temperature. The color difference for the pigment slurry concentration of 15.0% was also relatively large near 32 • C, and the color difference changed significantly. The color difference of the waterborne wood coating with the pigment slurry concentration of 30.0% at 30 • C and 32 • C was 4.3 and 27.6, respectively. The same color difference of the waterborne wood coating was obtained by returning to the initial temperature as shown in Figure 2 , which showed good discoloration ability. When the maximum temperature in the room was near 30 • C, people generally feel hot [24] , so the thermochromic waterborne wood coating should have better discoloration coloration near 30 • C. That was to say, the waterborne wood coating with a pigment slurry concentration of 15.0% and 30.0% had a good color change effect. In case of 30.0% concentration, the change is much sharper. The thermochromic waterborne wood coating was lit at 60 • , and the effects of different concentrations of pigment slurry on the gloss change of the waterborne wood coating were observed. As shown in Table 2 , the gloss of the waterborne wood coating decreased with the increase of thermochromic pigment slurry concentration. The main reason was that with the increase of the concentration of thermochromic pigment slurry, the number of particles in the thermochromic pigment slurry in the waterborne wood coating increased, resulting in a decrease in the reflection of light. Considering the high cost of pigment slurry, the addition of more pigment slurry had a negative impact on other properties of the coating, such as gloss, so the waterborne wood coating with a pigment slurry concentration of 15.0% was better. Table 2 . Effect of pigment slurry concentration on the gloss of waterborne wood coating. 
Concentration of Thermochromic
Effect of Pigment Slurry Concentration of Thermochromic Microcapsules on Mechanical Properties
The adhesion level was judged by the damaged area of the waterborne wood coating, and the smaller the area, the better the adhesion of the waterborne wood coating. The adhesion level of the waterborne wood coating with discolored pigment slurry concentration of 0-30.0% was 0, and the adhesion was good. Therefore, the concentration of the pigment slurry of thermochromic microcapsules had no effect on the adhesion of the waterborne wood coating. As can be seen from Table 3 , the waterborne wood coating without the thermochromic pigment slurry had an impact resistance of 5.0 kg·cm. The waterborne wood coating with a thermochromic pigment slurry concentration of 5.0%-20.0% had an impact resistance of 4.0 kg·cm. When the concentration was more than 20.0%, the impact resistance of the waterborne wood coating gradually increased with the increase in the thermochromic microcapsule concentration of the pigment slurry, but the difference was not large, which may be due to the low impact strength of Chinese fir itself. Table 3 . Effect of pigment slurry concentration on the impact resistance of coating.
Concentration of Thermochromic Pigment Slurry (%)
Impact Resistance (kg·cm) 
Effect of Pigment Slurry Concentration of Thermochromic Microcapsules on Chemical Resistance
At room temperature, the chemical resistance test of 0-30.0% pigment slurry concentrations of thermochromic microcapsules in a waterborne wood coating on a Chinese fir surface was carried out with 15.0% NaCl solution, 70.0% medical ethanol, detergent, and red ink. The L*, a*, b*, C*, and h* values of the waterborne wood coating were measured before and 24 h after the experiment. The color difference of the waterborne wood coating after chemical resistance was calculated according to formula (1) (shown in Table 4 ). The chemical resistance test showed that there was no blushing, blister, or dissolution of the film. The relationship between the degree of discoloration and the color difference is shown in Table 5 [25] . The lower the chemical resistance rating of the waterborne wood coating, the better the performance of the waterborne wood coating. As can be seen from Table 6 , the chemical resistance level of the waterborne wood coating with thermochromic pigment slurry concentrations of 0-30.0% on the ethanol and detergent was 0 and without discoloration. The waterborne wood coating with a thermochromic pigment slurry concentration of 0-30.0% was level 0 or 1 for the red ink and NaCl, which had very slight discoloration. The concentration of the thermochromic pigment slurry had little effect on the chemical resistance level. It is possible that the pigment slurry itself has better chemical resistance, so the original chemical resistance of the coating was maintained after adding it. Table 4 . Effect of pigment slurry concentration on the color difference of waterborne wood coating for chemical resistance.
Concentration of Thermochromic
Pigment Slurry (%) NaCl Detergent Ethanol Red Ink complete discoloration >12.0 Table 6 . Effect of pigment slurry concentration on the level of waterborne wood coating for chemical resistance. 
Microstructure Analysis
The above results showed that the waterborne wood coating has good discoloration ability when the concentration of the thermochromic pigment slurry was 15.0%, and the gloss, mechanical properties, and chemical resistance were basically unchanged compared with the original coatings, which can ensure the original performance of the coating. Therefore, the distribution of the thermochromic pigment slurry in the waterborne wood coating was subjected to SEM analysis. As can be seen from Figure 3 , the waterborne wood coating was smooth and had almost no particles ( Figure 3A) . The thermochromic microcapsules are uniform spheres with a diameter of about 5-8 µm. The waterborne wood coating with 15.0% pigment slurry of thermochromic microcapsules had obvious particles and was partially agglomerated, but less than 30.0% of the thermochromic coating. With the increase of the concentration of the thermochromic pigment slurry, the particles of thermochromic pigment slurry increased, which leads to more agglomeration of pigment particles in the waterborne wood coating. When the concentration was 15.0%, the particle agglomeration in the microstructure of the waterborne wood coating was less, the pigment slurry of thermochromic microcapsule concentration was moderate, and the thermochromic effect was good. 
Stability of Thermochromic of Coatings
The waterborne wood coatings with 15.0% pigment slurry had better color change, gloss, adhesion, impact resistance and chemical resistance. Therefore, the stability [26] of the thermochromic coatings was tested after three months. The chromatic values of the waterborne wood coating after three months at room temperature and three consecutive days in a 30 • C oven were measured as shown in Table 7 , and the color difference calculated according to formula (1) was 1.4-1.7, i.e., there was no obvious color change. This showed that the time at 18 • C after three months and at 30 • C for three days had little effect on the chromatic value performance of the waterborne wood coating with the 15.0% thermochromic pigment slurry concentration and that the thermochromic effect of waterborne wood coating was stable.
The waterborne wood coatings containing a 15.0% concentration of pigment slurry underwent the ultraviolet weather resistance test for 200 h. The chromatic values and gloss (Table 8 ) of the waterborne wood coatings were measured. The waterborne wood coatings were analyzed by SEM ( Figure 4) . The results showed that after ultraviolet-accelerated ageing, the color difference of the waterborne wood coatings was 3.1, which is slightly discoloration ( Tables 5 and 8 ). After the ultraviolet weather resistance test, the gloss of the waterborne wood coatings containing 15.0% pigment slurry basically did not change. No cracking was observed on SEM, which indicated that the waterborne wood coatings had good stability and ageing resistance during the ultraviolet weather resistance test. 
Conclusions
A variable temperature test showed that the waterborne wood coating with 15.0% thermochromic pigment slurry had better discoloration ability near 30 • C, and the original performance of the coating was maintained. The gloss of the waterborne wood coating decreased with the increase in the concentration of thermochromic pigment slurry. The concentration of the thermochromic pigment slurry had no effect on the adhesion of the waterborne wood coating. When the concentration of the pigment slurry of thermochromic microcapsules was more than 20.0%, the impact resistance of the waterborne wood coating gradually increased with the increase of the thermochromic pigment slurry concentration, but the difference was not significant. The concentration of thermochromic pigment slurry had no effect on the chemical resistance level of the waterborne wood coating. After the temperature dropped to about 18 • C, the waterborne coating returned to its original color, and the color could be changed repeatedly. Based on the above results, the comprehensive performance of the waterborne wood coating on Chinese fir surface is better when the concentration is 15.0%, and waterborne wood coatings have good stability and ageing resistance. This study laid a foundation for intelligent thermochromic coatings on a wood surface.
